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(54) Integrated vehicle crash sensing system and method

(57) A vehicle crash sensing system (20) and method
are provided for sensing a vehicle crash event. The sys-
tem (20) includes a linear acceleration sensor (22) locat-
ed on a vehicle (10) for sensing linear acceleration (AY)
along a first sensing axis (Y) and generating a linear ac-
celeration signal. The system (20) has linear crash sens-
ing logic (50) for determining a crash event along the first
sensing axis (Y) as a function of the sensed linear accel-
eration. The system (20) also has signal processing cir-
cuitry (26) for processing the linear acceleration signal
and generating a processed linear acceleration signal.
The system (20) has an angular rate sensor (32) located
on the vehicle (10) for sensing an angular roll rate (φ

.
x)

of the vehicle (10) about a second sensing axis (X) and
generating a roll rate signal. The system (20) further in-
cludes rollover crash sensing logic (70) for determining
a rollover event of the vehicle (10) about the second sens-
ing axis (X) as a function of the processed linear accel-
eration signal and the roll rate signal.
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Description

Technical Field

[0001] The present invention generally relates to ve-
hicle crash sensing, and more particularly relates to an
integrated sensing system capable of sensing multiple
crash events of the vehicle.

Background of the Invention

[0002] Automotive vehicles are generally equipped
with various restraint devices that deploy in the event
that a vehicle is involved in a crash, such as a forward
collision, a rear collision, a side (lateral) collision or a
rollover. For example, air bags, side curtains, seatbelt
pretensioners, pop-up roll bars and other devices can be
deployed when certain crash events are detected. These
and other restraint devices require timely deployment to
mitigate adverse effects to occupants in the vehicle. To
achieve timely deployment of restraint devices, the ve-
hicle dynamics generally must be monitored and a deci-
sion must be made to determine whether some type of
vehicle crash is anticipated to occur or is occurring.
[0003] Various vehicle crash sensing systems employ
sensors to sense dynamic conditions of the vehicle. For
example, a conventional crash sensing system may em-
ploy inertial sensors for sensing linear acceleration
and/or angular velocity. Some conventional crash sens-
ing systems are designed to detect only a frontal crash
event. Other crash sensing systems have been designed
to detect other vehicle crash events such as a side impact
crash, a rear impact crash and vehicle rollover events.
[0004] Each type of crash event detection generally
employs inertial sensing requirements that are unique to
that type of crash event. These requirements generally
place constraints on the range, resolution and placement
within the vehicle of each type of inertial sensor. Conse-
quently, increasing the types of crash events that can be
detected for a vehicle necessarily increases the number
of sensors that are generally required to detect those
crash events, and thereby results in an increase in the
cost of the overall crash detection systems. For example,
a conventional vehicle side impact crash detection sys-
tem may employ a single linear accelerometer, the output
of which is processed by a side crash event algorithm.
A separate and distinct rollover crash sensing system
may employ another separate and distinct accelerometer
along with an angular rate sensor, the outputs of which
are processed by a rollover crash event algorithm. The
two separate crash sensing systems typically employ
separate inertial acceleration sensors that are each cal-
ibrated for a specific crash event and are not integrated.
[0005] It is therefore desirable to provide for a cost-
effective vehicle crash sensing system that advanta-
geously integrates device(s), and is capable of detecting
multiple crash sensing events. In particular, it is desirable
to provide for a vehicle crash sensing system that inte-

grates one or more inertial sensors into one crash sens-
ing system capable of detecting multiple crash events.

Summary of the Invention

[0006] In accordance with the teachings of the present
invention, a vehicle crash sensing system and method
are provided for sensing an impact crash event and/or a
rollover crash event of a vehicle. According to one aspect
of the present invention, the vehicle crash sensing sys-
tem includes a linear acceleration sensor located on a
vehicle for sensing linear acceleration along a first sens-
ing axis and generating a linear acceleration signal. The
system has crash sensing logic for determining a crash
event along the first sensing axis as a function of the
sensed linear acceleration. The system also has signal
processing circuitry for processing the linear acceleration
signal and generating a processed linear acceleration
signal. The system has an angular rate sensor located
on the vehicle for sensing an angular roll rate of the ve-
hicle about a second sensing axis and generating a roll
rate signal. The system further includes rollover crash
sensing logic for determining a rollover event of the ve-
hicle about the second sensing axis as a function of the
processed linear acceleration signal and the roll rate sig-
nal.
[0007] According to another aspect of the present in-
vention, a method of detecting a crash event of a vehicle
due to at least one of an impact crash event and a rollover
event is provided. The method includes the step of sens-
ing linear acceleration along a first sensing axis of the
vehicle with a first linear acceleration sensor and gener-
ating a sensed linear acceleration signal. The method
also includes the step of sensing a crash event along the
first sensing axis as a function of the sensed linear ac-
celeration signal. The method includes the step of
processing the linear acceleration signal with signal
processing circuitry to generate a processed linear ac-
celeration signal. The method also includes the step of
sensing an angular roll rate of the vehicle about a second
sensing axis and generating a roll rate signal. The meth-
od further includes the step of determining a rollover
event of the vehicle about the second sensing axis as a
function of the processed linear acceleration signal and
the roll rate signal.
[0008] These and other features, advantages and ob-
jects of the present invention will be further understood
and appreciated by those skilled in the art by reference
to the following specification, claims and appended draw-
ings.

Brief Description of the Drawings

[0009] The present invention will now be described, by
way of example, with reference to the accompanying
drawings, in which:

FIG. 1 is a block diagram of a vehicle equipped with
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a vehicle crash sensing system for detecting side
impact crash and vehicle rollover crash events ac-
cording to one embodiment of the present invention;
FIG. 2 is a block diagram of a vehicle equipped with
a vehicle crash sensing system for detecting side
impact crash and vehicle rollover crash events ac-
cording to a second embodiment of the present in-
vention;
FIG. 3 is a flow diagram illustrating a side crash event
algorithm according to one embodiment; and
FIG. 4 is a flow diagram illustrating a rollover crash
event algorithm according to one embodiment.

Description of the Preferred Embodiments

[0010] Referring to FIG. 1, a vehicle 10 is generally
illustrated equipped with a vehicle crash sensing system
20 for detecting either or both of an impact crash event
and a rollover event of the vehicle 10. The vehicle 10
shown is a wheeled automotive vehicle generally shown
having four wheels 12, 14, 16 and 18 for travelling on the
ground, such as a roadway. The vehicle crash sensing
system 20 may be contained in a module on the auto-
motive vehicle 10 or may have components at various
locations onboard the vehicle 10. The crash sensing sys-
tem 20 has inertial sensors arranged to detect a side
crash event along the lateral Y-axis of the vehicle 10 and
a rollover crash event about the longitudinal X-axis of the
vehicle 10, according to the embodiments shown. How-
ever, the vehicle crash sensing system 20 may be con-
figured with sensors arranged to detect linear crash
events and rollover events about any desired axes.
[0011] A vehicle rollover event, as explained herein in
connection with the present invention, may include side-
to-side rotation of the vehicle 10 about the longitudinal
axis, shown as the X-axis, of the vehicle 10, commonly
referred to as "vehicle rollover," or back-to-front rotation
of the vehicle 10 about the vehicle lateral axis, shown as
the Y-axis, commonly referred to as a "vehicle pitchover,"
or a combination of rollover and pitchover. For purposes
of describing the rollover event sensing of the present
invention, the term "rollover" is generally used to refer to
either a rollover event or a pitchover event. Additionally,
an impact crash event may include a side impact crash
event of the vehicle 10 along the lateral Y-axis, a frontal
or rear impact crash event along the X-axis, or other im-
pact crash events occurring along other sensing axes.
[0012] The vehicle crash sensing system 20 is de-
signed to be located on the vehicle 10 to sense vehicle
dynamics, particularly linear acceleration in a direction
along a first sensing axis, and an angular rate (velocity)
of the vehicle 10 about a second sensing axis. In the
embodiments shown and described herein, the first sens-
ing axis (e.g., Y-axis) is orthogonal to the second sensing
axis (e.g., X-axis). However, linear acceleration and an-
gular rate may be sensed in other first and second sens-
ing axes according to other embodiments.
[0013] Included in the vehicle crash sensing system

20, according to the first embodiment, is a linear accel-
erometer 22, shown oriented on the vehicle 10 to sense
linear acceleration AY along the lateral Y-axis. One ex-
ample of a suitable linear accelerometer is Model No.
ADXL78 commercially available from Analog Devices,
Inc., rated at 50 g. Also included in vehicle crash sensing
system 20 is an angular roll rate sensor 32 arranged,
according to the first embodiment, on the vehicle 10 to
sense angular roll rate about the longitudinal X-axis of
the vehicle 10. One example of a suitable angular rate
sensor is Model No. EWTZGC250, commercially avail-
able from Panasonic. The linear accelerometer 22 and
angular roll rate sensor 32 may be located at any of a
number of locations on the vehicle 10 to sense linear
acceleration along the lateral Y-axis and angular rate
about the longitudinal X-axis, respectively. According to
some examples, the linear accelerometer 22 may be
mounted in the vehicle passenger compartment, in a ve-
hicle door or on a structural support of the vehicle 10,
such as the A-pillar, B-pillar or C-pillar. The angular roll
rate sensor 32 may be mounted in the vehicle passenger
compartment near the center, according to one example,
or elsewhere onboard the vehicle 10.
[0014] The liner accelerometer 22 and angular roll rate
sensor 32 are integrated into a single vehicle crash sens-
ing system 20 to sense either or both of a side impact
crash event and a rollover event according to the em-
bodiment shown and described herein. The vehicle crash
sensing system 20 employs the linear accelerometer 22
to generate a linear acceleration AY that is employed
both by a side crash event algorithm 50 and a rollover
crash event algorithm 70. The vehicle crash sensing sys-
tem 20 therefore employs the linear accelerometer 20 in
a manner that allows for sensing multiple crash events,
thereby eliminating the need for separate and distinct
acceleration sensors.
[0015] The vehicle crash sensing system 20 has a con-
troller, shown as a microprocessor control unit (MCU)
25, having a microprocessor 24 and memory 34. Stored
within memory 34 are the side crash event algorithm 50
and rollover crash event algorithm 70. The microproces-
sor 24 may include any known analog and/or digital
processing circuitry capable of executing the side crash
event algorithm 50 and rollover crash event algorithm 70.
Memory 34 may include conventional memory storage
medium such as electrically erasable programmable
read-only memory (EEPROM) or random access mem-
ory (RAM) that may store various program calibrations
and routines for performing the crash sensing detection.
The MCU 25 may be a dedicated crash sensing controller
or may be implemented on a shared controller.
[0016] The vehicle crash sensing system 20 senses a
linear impact crash event, such as a side crash event,
by processing the linear acceleration signal AY output
from the linear accelerometer 22. For a side impact event,
the linear accelerometer 22 is oriented along the lateral
Y-axis of the vehicle 10. The output of the linear accel-
erometer 22 is shown input to the side crash event algo-
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rithm 50. Any of a number of side crash event algorithms
50 may be employed to sense the presence of a side
impact crash event. One example of a side crash event
algorithm 50 is shown in FIG. 3.
[0017] The crash sensing system 20 employs signal
conditioning circuitry 26 for processing the sensed ac-
celeration signal AY output from the linear accelerometer
22 and outputs a processed linear acceleration signal to
the rollover crash event algorithm 70. The signal condi-
tioning circuitry 26 enables the use of a single acceler-
ometer 22 that is generally configured for use to detect
a side impact crash event to also be employed to detect
a vehicle rollover crash event, according to one embod-
iment of the present invention. The signal conditioning
circuitry 26 processes the linear acceleration signal out-
put to alter the range, resolution and/or bandwidth of the
inertial linear acceleration sensor 22 used for the side
impact crash event in order to provide linear acceleration
data that meets the requirements for sensing a second
crash-type event, namely a vehicle rollover event. The
signal conditioning circuitry 26 therefore allows for elim-
ination of duplicative sensors by generating the appro-
priately processed linear acceleration signal.
[0018] The signal conditioning circuitry 26 is shown in-
cluding an amplifier 28 coupled to the output of linear
accelerometer 22, and a band-pass filter 26 coupled to
the output of the amplifier 28. The amplifier 28 amplifies
the sensed linear acceleration signal AY by an amplifica-
tion gain, such as 10X according to one example. The
band-pass filter 30 has a pass band, such as a frequency
range of 0.1 Hz to 50 Hz, according to one embodiment.
According to another embodiment, the band-pass filter
30 may have the low frequency portion of the signal re-
moved by the subtraction of the output of a linear inte-
gration function tracking the low band portion of the sig-
nal. The band-pass filter 30 therefore filters low frequen-
cies below 0.1 Hz and high frequencies above 50 Hz,
according to this embodiment, to reduce or eliminate
noise. The amplified and filtered linear acceleration sig-
nal is then input to the rollover crash event algorithm 70.
[0019] The digital signal conditioning circuitry 26 may
be implemented in analog circuitry, according to one em-
bodiment. According to another embodiment, the signal
conditioning circuitry 26 may be implemented in digital
circuitry. According to other embodiments, a combination
of analog and digital circuitry may be employed in the
signal conditioning circuitry 26 to process the sensed lin-
ear acceleration signal AY and make the processed linear
acceleration signal available as an input to the rollover
crash event algorithm 70.
[0020] The vehicle crash sensing system 20 further
includes an angular roll rate sensor 32 for sensing angu-
lar rate (velocity) φ

.
x of the vehicle 10 about a second

sensing axis. In the embodiment shown, the angular roll
rate sensor 32 is oriented to sense angular rate about
the longitudinal X-axis of the vehicle 10, and generates
a sensed angular rate signal φ

.
x indicative thereof. Any

of a number of angular rate sensors 32 may be employed

to sense the vehicle angular roll rate φ
.
x. Angular roll rate

sensor 32 may be oriented about another sensing axis,
such as the lateral Y-axis to determine a pitch rate of the
vehicle 10.
[0021] The rollover crash event algorithm 34 therefore
receives as inputs the processed linear acceleration sig-
nal and the sensed angular roll rate signal. The rollover
crash event algorithm 70 processes the linear accelera-
tion and angular rate signals and determines an antici-
pated or actual rollover of the vehicle 10 about the lon-
gitudinal X-axis. According to other embodiments, the
rollover crash event algorithm 70 may determine a roll-
over event of the vehicle 10 about other axes, such as
the lateral Y-axis, also referred to as a pitchover event.
Any of a number of rollover crash event algorithms may
be employed. One example of a rollover crash event al-
gorithm 70 is shown in FIG. 4.
[0022] Referring to FIG. 2, a vehicle 10 is illustrated
employing a vehicle crash sensing system 20 according
to a second embodiment of the present invention. The
vehicle crash sensing system 20 according to the second
invention employs first and second linear acceleration
sensors (accelerometers) 40 and 42, each oriented at
an angle offset from each other and in a direction offset
from both the longitudinal X-axis and lateral Y-axis of the
vehicle 10. The first linear accelerometer 40 is oriented
in a first axis at an angle θ offset by -45˚ from the longi-
tudinal X-axis of the vehicle 10 as shown. Linear accel-
erometer 40 generates a first linear acceleration signal
A1 at angle θ = -45˚. The second linear accelerometer
42 is oriented in a second axis at an angle θ offset by
+45˚ from the longitudinal X-axis of the vehicle 10. The
second linear accelerometer 42 generates a second lin-
ear acceleration signal A2 at angle θ = +45˚. Thus, in the
embodiment shown, first and second linear accelerom-
eters 40 and 42 are arranged orthogonal (90˚) relative to
each other and are offset from both the longitudinal X-
axis and lateral Y-axis of the vehicle 10 such that each
of accelerometers 40 and 42 senses components of lin-
ear acceleration Ax and AY in each of the respective lon-
gitudinal X-axis and lateral Y-axis of the vehicle 10.
[0023] It should be appreciated that the first and sec-
ond linear accelerometers 40 and 42 in the system 20
according to the second embodiment advantageously
sense linear accelerations A1 and A2 about the two sep-
arate axes. By orienting the first and second linear ac-
celerometers 40 and 42 at angles θ = -45˚ and θ = +45˚,
respectively, such that the corresponding sensing axes
are offset from both the longitudinal X-axis and lateral Y-
axis of the vehicle 10, each of the linear accelerometer
sensors 40 and 42 provide a longitudinal X-axis acceler-
ation component AX and a lateral Y-axis acceleration
component AY. According to one example, the acceler-
ometers 40 and 42 may include an integrated dual axis
accelerometer, such as Model No. ADXL278, commer-
cially available from Analog Devices, Inc.
[0024] The vehicle crash sensing system 20 according
to the second embodiment employs signal processing
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circuitry 26 that includes an arithmetic logic device 44,
such as a summer or a subtractor for either summing or
subtracting the sensed linear acceleration signals A1 and
A2 output from the first and second linear accelerometers
40 and 42. According to the embodiment shown, the
sensed linear acceleration signals from each of the first
and second linear accelerometers 40 and 42 are sub-
tracted such that the difference provides a signal indic-
ative of the lateral acceleration in the Y-axis. The arith-
metically summed output of the sensed acceleration sig-
nals A1 and A2 provides the lateral Y-axis linear accel-
eration component that is input to a side crash event
algorithm 50 for processing as discussed above.
[0025] The signal processing circuitry 26 in the vehicle
crash sensing system 10 according to the second em-
bodiment further employs an amplifier 28 for amplifying
arithmetic summed linear acceleration signal, and a
band-pass filter 30 for filtering amplified linear accelera-
tion signals. The amplified and filtered linear acceleration
signal is then input to a rollover crash event algorithm
70. Additionally, an angular roll rate signal φ

.
X sensed by

angular roll rate sensor 32 oriented to sense angular ac-
celeration about the longitudinal X-axis is also input to
the rollover crash events algorithm 70 and is processed
as discussed above in connection with the first embodi-
ment.
[0026] The vehicle crash sensing system 20 according
to the second embodiment is shown employing two linear
accelerometers 40 and 42 each rated as 50 g accelera-
tion sensors that produce the equivalent of a single axis
5 g acceleration sensor, according to one example. The
amplification gain provided by the amplifier 28 is of a
different magnitude (e.g., 7X) from that of the first em-
bodiment, due to the magnitude of the summing vector
acceleration components AX and AY from the two con-
tributing linear accelerometers 40 and 42. The band-pass
filter 30 may have a pass band frequency range from 0.1
Hz to 50 Hz, according to one embodiment.
[0027] It should be appreciated that the two linear ac-
celerometers 40 and 42 also provide the linear acceler-
ation Ax along the longitudinal X-axis, which may be proc-
essed by the MCU 25 for additional crash event detection
or other purposes. The vehicle crash sensing system 20
may employ additional sensors that may be processed
by the same or different crash algorithms that detect any
of a number of crash events of the vehicle 10.
[0028] Referring to FIG. 3, one example of a side crash
event algorithm 50 is illustrated. The side crash event
algorithm 50 begins at step 52 receiving the sensed lat-
eral acceleration signal and proceeds to calculate a lat-
eral velocity in step 54. The lateral velocity calculation
may include performing an integration with a forgetting
factor. Algorithm 50 then proceeds to apply the lateral
acceleration and lateral velocity signals to a side crash
detection logic in step 56. The side crash detection logic
56 may include any known logic for establishing thresh-
olds indicative of a lateral impact crash event with the
vehicle 10. The algorithm 50 then detects a side crash

event in step 58. The algorithm 50 may be repeatedly
executed.
[0029] Referring to FIG. 4, one example of a rollover
crash event algorithm 70 is illustrated. The rollover crash
event algorithm 70 begins by receiving the processed
lateral acceleration signal in step 72 and receiving the
sensed roll rate signal in step 74. A roll angle calculation
step 76 calculates a roll angle based on the sensed roll
rate and lateral acceleration. This may include integrating
the roll rate signal. Next, a roll angle prediction step 78
predicts a roll angle based on the processed lateral ac-
celeration signal, the roll angle calculation, and the
sensed roll rate. In step 80, a rollover crash detection
logic detects a rollover event based on the processed
lateral acceleration signal, roll angle calculation, roll an-
gle prediction, and sensed roll rate. The detection logic
80 may include any known rollover crash event detection
logic for detecting a vehicle rollover event. Algorithm 70
then detects a rollover crash event as indicated in step
82. Algorithm 70 may be repeatedly executed to contin-
uously detect a rollover event.
[0030] It should be appreciated that the side crash
event algorithm 50 and rollover crash event algorithm 70
may be processed by the same or different MCU 25 or
other analog and/or digital circuitry by executing software
code as should be evident to those skilled in the art. The
MCU 25 may be part of a dedicated controller or may be
a shared controller within the vehicle 10. Additionally,
one or more outputs of the MCU 25 generally provides
output signal(s) that may be made available to various
restraint devices and other devices that may utilize a
crash event indicative signal.
[0031] The vehicle crash sensing system 20 according
to the present invention advantageously integrates the
use of a linear accelerometer signal in a crash sensing
system 20 to enable sensing of multiple crash events. In
particular, a linear accelerometer is employed to sense
a crash event and a rollover event of a vehicle by em-
ploying signal processing circuitry so as to eliminate the
need for separate and distinct acceleration sensors,
thereby eliminating duplication and reducing the cost of
the overall crash sensing system 20.
[0032] It will be understood by those who practice the
invention and those skilled in the art, that various modi-
fications and improvements may be made to the inven-
tion without departing from the spirit of the disclosed con-
cept. The scope of protection afforded is to be determined
by the claims and by the breadth of interpretation allowed
by law.

Claims

1. An integrated vehicle crash sensing system (20)
comprising:

a linear acceleration sensor (22) located on a
vehicle (10) for sensing linear acceleration (AY)
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along a first sensing axis (Y) and generating a
linear acceleration signal;
crash sensing logic (50) for determining a crash
event along the first sensing axis (Y) as a func-
tion of the sensed linear acceleration signal;
signal processing circuitry (26) for processing
the linear acceleration signal and generating a
processed linear acceleration signal;
an angular rate sensor (32) located on the ve-
hicle (10) for sensing an angular roll rate (φ

.
x) of

the vehicle (1) about a second sensing axis (X)
and generating a roll rate signal; and
rollover crash sensing logic (70) for determining
a rollover event of the vehicle (10) about the sec-
ond sensing axis (X) as a function of the proc-
essed linear acceleration signal and the angular
roll rate signal.

2. The crash sensing system as defined in claim 1,
wherein the signal processing circuitry (26) compris-
es an amplifier (28) for amplifying the sensed linear
acceleration signal to generate the processed linear
acceleration signal.

3. The crash sensing system as defined in claim 2,
wherein the signal processing circuitry (26) further
comprises a filter (30) for filtering the amplified linear
acceleration signal.

4. The crash sensing system as defined in claim 3,
wherein the filter (30) comprises a band-pass filter.

5. The crash sensing system as defined in claim 4,
wherein the band-pass filter (30) has a pass band
frequency ranging from about 0.1 Hz to 50 Hz.

6. The crash sensing system as defined in claim 1,
wherein the signal processing circuitry (26) compris-
es a filter (30) for filtering the sensed acceleration
signal.

7. The crash sensing system as defined in claim 1,
wherein the linear acceleration sensor (22) is orient-
ed to sense linear acceleration along a lateral axis
(Y) of the vehicle (10), and the crash sensing logic
(50) senses a side impact with the vehicle (10) along
the lateral axis (Y) of the vehicle (10).

8. The crash sensing system as defined in claim 1,
wherein the linear acceleration sensor (22) compris-
es a first accelerometer (40) oriented to sense linear
acceleration (A1) at an angle (θ) offset from both a
lateral axis (Y) and a longitudinal axis (X) of the ve-
hicle (10), and a second accelerometer (42) oriented
to sense linear acceleration (A2) at an angle offset
from the lateral axis (Y) and the longitudinal axis (X)
of the vehicle (10), wherein the first and second ac-
celerometers (40, 42) each sense acceleration com-

ponents (AX, AY) along both the longitudinal axis (X)
and the lateral axis (Y) of the vehicle (10).

9. The crash sensing system as defined in claim 8,
wherein the signal processing circuitry (26) further
comprises arithmetic logic (44) for performing one
of summing and subtracting the outputs of the first
and second accelerometers (40, 42).

10. A method of detecting a crash event of a vehicle (10)
due to at least one of an impact crash event and a
rollover event of the vehicle (10), said method com-
prising the steps of:

sensing linear acceleration (AY) along a first
sensing axis (Y) of the vehicle (10) with a linear
acceleration sensor (22) and generating a
sensed linear acceleration signal;
sensing a crash event along the first sensing
axis (Y) as a function of the sensed linear ac-
celeration (AY);
processing the sensed linear acceleration signal
with signal processing circuitry (26) to generate
a processed linear acceleration signal;
sensing an angular roll rate (φ

.
x) of the vehicle

(10) about a second sensing axis (X) and gen-
erating a roll rate signal; and
determining a rollover event of the vehicle (10)
about the second sensing axis (X) as a function
of the processed linear acceleration signal and
the roll rate signal.

11. The method as defined in claim 10, wherein the step
of sensing linear acceleration comprises sensing lin-
ear acceleration along a lateral axis (Y) of the vehicle
(10), and the step of sensing a crash event along the
first sensing axis (Y) comprises sensing a side im-
pact crash event of the vehicle (10) along the lateral
axis (Y) of the vehicle (10).

12. The method as defined in claim 8, wherein the step
of sensing linear acceleration comprises sensing a
first linear acceleration (A1) with a first accelerometer
(40) oriented at an angle (θ) offset from a longitudinal
axis (X) and a lateral axis (Y) of the vehicle (10) and
sensing a second linear acceleration (A2) with a sec-
ond accelerometer (42) oriented at an angle (θ) off-
set from the longitudinal axis (X) and the lateral axis
(Y) of the vehicle (10), wherein the first and second
accelerations (A1, A2) each comprise components
(Ax, AY) of linear acceleration in both the lateral axis
(Y) and the longitudinal axis (X).

13. The method as defined in claim 12 further comprising
the step of arithmetically summing or subtracting the
first and second acceleration signals to generate a
signal indicative of the linear acceleration sensed
along the first sensing axis (Y).
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14. The method as defined in claim 13, wherein the step
of filtering comprises filtering signals outside of a
pass band in the range of about 0.1 to 50 Hz.

15. The method as defined in claim 10, wherein the step
of processing the sensed linear acceleration signal
comprises the step of filtering the sensed linear ac-
celeration signal.

16. The method as defined in claim 10, wherein the step
of sensing linear acceleration comprises sensing lin-
ear acceleration along a lateral axis of the vehicle,
and the step of sensing a crash event along the first
sensing axis comprises sensing a side impact crash
event of the vehicle along the lateral axis of the ve-
hicle.

17. The method as defined in claim 8, wherein the step
of sensing linear acceleration comprises sensing a
first linear acceleration with a first accelerometer ori-
ented at an angle offset from a longitudinal axis and
a lateral axis of the vehicle and sensing a second
linear acceleration with a second accelerometer ori-
ented at an angle offset from the longitudinal axis
and the lateral axis of the vehicle, wherein the first
and second accelerations each comprise compo-
nents of linear acceleration in both the lateral axis
and the longitudinal axis.

18. The method as defined in claim 17 further comprising
the step of arithmetically summing or subtracting the
first and second acceleration signals to generate a
signal indicative of the linear acceleration sensed
along the first sensing axis.
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